In the early nineteen-fifties the emergence of cardiac surgery called for accurate diagnosis, and it became necessary to catheterize the left side of the heart. The left atrium was entered by needles inserted through the tracheal wall, the suprasternal notch, and the back of the chest; and the left ventricle was entered by needle puncture, or by the passage of a catheter from the left atrium or the aorta (Lancet, 1957) . These methods had diagnostic limitations or disadvantages, and dangers that restricted their use to hospitals where thoracic surgeons were available to deal with the complications (P. Wood, 1961, personal communication) .
In 1959 John Ross jun. described atrial septal puncture as a means of entering the left side of the heart, and early in 1960 one of us reported a series of 57 patients (Nixon, 1960) . This series has now been extended to 508, and the results suggest that the technique may be safe enough to be performed with right heart catheterization in the physician's catheter laboratory.
Nearly every patient investigated was a candidate for the surgical treatment of his heart disease, and the need for an accurate estimate of the morbid physiological changes justified a small risk when the alternative course was to operate, or to withhold surgical treatment, on the basis of a diagnosis that was something less than exact. The majority of the patients had mitral valvar disease, and the number investigated reflects the inaccuracy of the traditional methods of diagnosing the various syndromes of obstruction and incompetence. Percutaneous puncture of the left ventricle and/or percutaneous catheterization of the aorta was performed in addition to the atrial septal puncture when the need arose. The purpose of this communication is to describe our experience of the three techniques and Received November 4, 1965. 835 to consider particularly the features concerned with their safety. It is not intended to review the results obtained by other cardiologists, because wide differences in the way that the techniques are practised make comparisons difficult, and most published reports have described small series.
SUBJECTS AND METHODS
The patients' ages lay between 5 and 72 years. Of the 508 patients, 376 had mitral valvar disease with or without coincidental aortic lesion; 84 had aortic valvar disease, and 48 had a variety of congenital and acquired heart diseases. The majority of the mitral patients had systolic murmurs or a previous heart operation, and the investigation was done to assess the relative importance of various factors: stenosis, re-stenosis, regurgitation, "the myocardial factor", coincidental aortic disease, or pulmonary vascular changes.
Acting under the firm belief that tension and fear predispose the subject of left heart catheterization to complications, great attention was paid to the mental preparation of the patient. Before the investigation he was made familiar with the catheterization laboratory where, from choice, the preliminary clinical examination and heart-sound recordings were carried out; and he came to know the various doctors, nurses, and technicians. The procedures that would require the patient's co-operation were carefully explained and rehearsed beforehand. A quiet demeanour, equanimity, and competence were required from the laboratory staff. Tachycardia and dyspnoea prevent the recording of diagnostic tracings, and, if necessary, investigation was deferred until medical treatment abolished tachycardia, allowed the patient to hold his breath without difficulty for at least 20 seconds, and enabled him to lie flat, or nearly flat, without discomfort. features of mitral disease (Nixon and Snow, 1962; Nixon and Ikram, 1963 (Seldinger, 1953; Brockenbrough and Braunwald, 1960) was used to introduce the septal puncture instruments into the femoral vein.
After the preliminary right-heart catheterization the Ross (Ross, 1959) or the Brockenbrough (Brockenbrough and Braunwald, 1960) (Fig. 2) is inserted into the catheter and advanced until its point is just concealed by the tip of the catheter. The fossa ovalis is found by palpation under fluoroscopic control, and the catheter tip and needle point are bedded down in it with firm pressure. The floor of the fossa is punctured by advancing the needle point 1-2 cm. beyond the catheter tip in a medial and posterior direction. The needle point is recognized as being in a satisfactory position when oxygenated blood can be withdrawn freely and an undistorted left atrial pressure pulse can be recorded through the needle. A Clay-Adams PE 50 catheter (Fig. 2) , 90 cm. in length, is then introduced through the needle into the left atrium, and under certain circumstances into the left ventricle and even the aorta. The PE 50 catheter passes from atrium to ventricle most easily when the curvature of the needle is held in the coronal plane.
Comments on the Ross Technique. Force should never be used to insert the needle through the catheter; if there is difficulty in negotiating the curve of the pelvis the needle and catheter should be advanced together under fluoroscopic control, and then the catheter should be drawn back over the needle. It is more dangerous to introduce the Ross needle through a teflon catheter with a smooth lining than through a Cournand type catheter, because the latter has a woven lining which causes a fine thrill as the needle point moves down the lumen; the thrill ceases if the moving needle point perforates the wall of the catheter. The rigidity of the Ross needle is an advantage in the palpation and puncturing of the fossa ovalis.
The site of the fossa ovalis is remarkably constant whether or not the left atrial chamber is greatly enlarged. It is rare for the fossa to lie anywhere but over the right margin of the spine some 2-3 cm. above the point where the left atrial shadow crosses the spine. In cases with small left atria the fossa is concave and easier to palpate than it is when great left atrial enlargement has made its floor convex. In many cases with small left atria the catheter tip and needle pass through a slit foramen ovale during the initial palpation, and if this is not appreciated, the root of the aorta or the posterior wall of the left atrium may be punctured when the needle point is advanced.
If the PE 50 catheter becomes knotted in the left atrium and cannot be pulled back through the needle, it is a simple matter to withdraw the needle and to pull out the knotted PE 50 catheter through the short No. 9 catheter.
One patient died from a complication of surgical treatment 10 days after septal puncture, and at necropsy it was scarcely possible to see the slit caused by the needle puncture.
The atrial septum pulsates a little with every heart beat, but it scarcely moves during normal breathing, and urgency from the investigation, and gives ample time for the collection and development of photographic records.
THE BROCKENBROUGH TECHNIQUE The needle employed in this modification of the Ross technique is longer and thinner than the Ross needle. When the fossa has been punctured the catheter carrying the needle is advanced over it into the left atrium, and manipulated under fluoroscopic control into the left ventricle. The relatively large size of the catheter introduced into the left side of the heart permits the injection of contrast medium for angiocardiography. Its construction allows it to be inserted into the femoral vein by the Seldinger technique, thus eliminating the need to expose the long saphenous vein.
Comments on the Brockenbrough Technique. Our methods of diagnosing acquired heart disease have infrequently made use of angiocardiography, and so the chief indication for the Brockenbrough modification has been the need to introduce the instruments directly into the femoral vein. The Brockenbrough needle, being longer and thinner than the Ross needle, is correspondingly less efficient as an instrument for palpating the inside of the heart. The advance of the needle point is difficult to control, and the pericardium or the aorta may easily be perforated. Even when the puncture of the fossa is achieved, it may be difficult to pass the catheter over the needle into the left atrium. The catheter is large and stiff and may perforate the left atrial appendage. The hole it makes in the atrial septum is larger and more ragged than the Ross needle puncture, and fatal embolization has resulted from clot formation at its site (Pinkerson, Kelser, and Adkins, 1963) . The large bore of the Brockenbrough catheter permits pressure records to be obtained with pressure transducers of poorer quality than those required by the PE 50 catheter, but it is inexcusable to choose the more difficult and dangerous technique merely because the laboratory is inadequately equipped. It is advisable not to practise the Brockenbrough technique until confidence has been gained by the use of the easier Ross technique. Care should be taken to choose a needle of the type used by Brockenbrough (manufactured by Becton-Dickinson) and to avoid the inferior substitutes that have been sold.
PERCUTANEOUS LEFT VENTRICULAR PUNCTURE
The method of percutaneous puncture of the apex of the left ventricle is derived from Brock, Milstein, and Ross (1956) , but the fact that we have chiefly used it to obtain the left ventricular pressure pulse in mitral regurgitation, rather than to assess cases of aortic stenosis, has permitted certain modifications.
The puncture is only performed when the outward movement of the apex of the left ventricle in systole is palpable through the chest wall. The skin and intercostal tissues are generously infiltrated with local anaesthetic; the equipment monitoring the left atrial and arterial pressures is checked; the transducer for the left ventricular pressure is made ready, and connected to a saline-filled 20 or 21 standard wire guage needle by a short length of plastic tubing. The needle is inserted swiftly into the cavity of the left ventricle in a direction judged to be 450 to the coronal, sagittal, and transverse planes. It is flushed with 1 ml. saline; the electrocardiogram is inspected for freedom from ectopic activity; the left ventricle pressure pulse is recorded for a dozen beats, and the needle is withdrawn.
Comments on Percutaneous Left Ventricular Puncture. Complications usually result from the use of large bore needles; from stabbing the needle backwards and forwards in an attempt to find the small ventricular cavity in cases of aortic stenosis; from using the technique when the apex of the ventricle is impalpable through overlying lung tissue; and from leaving the needle in place for more than a few seconds.
In aortic valvar disease the ease with which the left ventricular cavity may be entered with the PE 50 catheter introduced through the Ross needle has largely removed the need for percutaneous puncture.
RESULTS

Catheterization of the Left Atrium by the Ross
Technique. Catheterization of the left atrium was attempted in 467 patients, and failed in 16 (3-4%).
The reasons for failure were as follows. The lack of suitable veins (4 cases); gross kyphoscoliosis (2 cases); acute respiratory distress (1 case); inability to pierce a surgically plicated septum (3 cases); dysrhythmia on palpation of the septum (1 case); and failure to accomplish needle puncture of the fossa ovalis from lack of experience or inadequate intensity of fluoroscopic illumination (5 cases). From the patient's point of view the painless investigation allowed an accuracy of diagnosis which eliminated fruitless thoracotomies and needless exclusion from surgical treatment.
Catheterization of the Left
From the physician's point of view the investigations removed doubt from the diagnosis before operation, at a time when the interpretation of many of the physical signs of mitral and aortic disease was erroneous or open to dispute. Comparison of the physical signs with the left heart catheter records, and the surgeon's observation, has clarified their interpretation in the minds of the authors, and the findings have been published (Nixon and Wooler, 1961; Nixon, 1961a, b; Nixon and Wooler, 1963a, b; Nixon, 1963; Nixon and Ikram, 1963; Nixon, Hepburn, and Ikram, 1964; Ikram, Nixon, and Fox, 1964) .
This improved understanding of the physiological import of the physical signs has led the authors now to prefer phonocardiography and cardiac-impulse recording to left heart catheterization in the majority of patients with acquired heart disease who consequently no longer require admission for investigation (Nixon and Wooler, 1963a, b; Nixon and Ikram, 1963; Nixon et al., 1964; Nixon, 1964 ).
Brockenbrough's technique is more difficult to master than Ross's, and is more dangerous in our hands. The dangers have been increased in this country by the sale of poorly constructed needles.
Retrograde catheterization of the aorta from the femoral artery was performed in 111 patients, and caused femoral arterial obstruction in 2: in 1, clot had to be removed at operation; and in the other the signs of obstruction resolved spontaneously and there were no clinically detectable after effects. Entry into the left ventricle from the aorta was rarely attempted because image intensification was not available to the authors.
An indwelling Cournand needle was introduced into the brachial artery in 389 patients. Afterwards some complained of pain or a small haematoma, but the discomfort was not serious or prolonged. After the investigation one patient developed an acute bleeding tendency which resulted in a large hematoma around the brachial arterial wound.
Percutaneous left ventricular puncture was easily performed in 84 patients, in one of whom an acute bleeding tendency caused haemothorax and haemopericardium.
The choice of patient and method for entry into the left ventricle has crystallized in our minds. Contrary to popular opinion it is rarely necessary in mitral disease because the important physiological feature, the shape and duration of the left ventricular filling pressure gradient, may usually be obtained from the configuration and duration of the mitral diastolic murmur (Fig. 3 ) (Nixon and Wooler, 1963a, b) . The size of the mitral orifice and the choice of operation in cases with regurgitation can be assessed without entering the left ventricle (Nixon and Wooler, 1961; Nixon, 1961a; Nixon and Wooler, 1963a, b; Nixon, 1964 (Nixon and Snow, 1962) , provide more useful diagnostic information with less risk. The exceptional patients who may require left ventricular angiocardiography are those who have been subjected to a plastic repair of the mitral valve, or to the insertion of a prosthetic mitral valve.
In the various forms of congenital and acquired obstruction to outflow from the left ventricle, where angiocardiography has been desirable, we have been satisfied with the results of the easier and safer injection of opaque medium into the left atrium through the Brockenbrough catheter (Fig. 4) 
